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ABSTRACT
Radioactivity was extracted from the dermis, epidermis and blood plasma of young
ndult male rats 5 and 30 minutes and 1, 4, 24 and 48 hours after the intramuscular (IM) in-
jection of 3 mg of 1,2-5H-cortisol acetate or of 3 mg of 1,2-3H-cortisol, and the intracardial
(IC) injection of 2 or of 100 pg of 1,2-'H-cortisol. Dermal radioactivity represented by
cortisol was determined up to and including 24 hours following the IC injection of 100 cg
of cortisol and the IM administration of 3 mg of cortisol. In each experiment the dermal
radioactivity was greater at 5 or 30 minutes after isotope injection than at any later time.
The epidermal radioactivity 5 and 30 minutes after administration of the tritiated steroids
demonstrated rapid entraoce of cortisol, cortisol acetate and/or their metabolites into the
epidermis. No more than 2.6% of the injected radioactivity was calculated to be present
in the entire animal dermis of any experimental group.
Four hours after tile IC injection of 100 pg of cortisol, only a small fraction of the dermal
radioactivity was present as unconjugated cortisol. When 3 mg of cortisol was given by IM
injection (in a form in which there was apparent slow absorption into the circulatory
system), the quantity of cortisol was maintained for 24 hours above or only slightly below
0.1 pg/gm of wet dermis. A comparison of the radioactivity of the dermis and epidermis
with that of blood plasma indicated that at most the cutaneous tissues of the rat have
only slight ability to concentrate or specifically jetain cortisol, cortisol acetate and/or their
metabolites.
In vivo and in vitro changes related to the
metabolism of skin and other connective tissues
Which occur after treatment with various glueo-
eortieoids have been described in numerous re-
ports. Administration of cortisone, eortisol and
related compounds to rats decreased the amount
of various collagen fractions and hexosamine-
containing substances of the skin or granulation
tissue (1—6). Different investigators (7—10) con-
cluded that pharmacologic quantities of cortisol
and cortisone have an anti-anabolic effect on
collagen metabolism (i.e. a decrease in the rate
of collagen synthesis). It has been shown that
human skin slices metabolize cortisol with the
production of several steroid metabolites, in-
cluding cortisone (11). Berliner and Ruhman
(12) found that cortisol and other 11 fl-OH
corticosteroids inhibit proliferation of fibroblasts
of clone 929-L. Cortisol decreased collagen and
hyaluronic acid synthesis in cultures of human
connective tissue cells (13).
Few data are available which indicate the
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amount of injected cortisone or cortisol which
enters and is retained by skin. Early experi-
ments on the tissue distribution of tritiated cor-
tisone in mice (14) and carbon-14 labeled eorti-
so! in rats (15) demonstrated a portion of
systemically administered isotope in the skin.
To arrive at an understanding of the in vivo
changes in the skin following treatment with
glueocorticoids, and to provide a correlation
With in vitro studies, information upon the
amount of steroid in the affected tissue is re-
quired. This paper reports data on the radio-
activity and the quantity of injected steroid
Which corresponds to the extracted isotope pres-
ent in the dermis and epidermis of young adult
male rats from 5 minutes to 48 hours after the
intramuscular injection of 3 mg of 1, 2-5H-corti-
so! or 3 mg of 1, 2-5H-cortisol acetate (two forms
and quantities of the steroid frequent'y utilized
in animal experiments) and the intraeardial
injection of 2 or 100 g of 1, 2-5H-cortisol. In
addition, the amount of the radioactivity present
in the dermis as cortisol is given at various
times after both the intraeardial and intramus-
cular injection of tritiated cortisol.
MATERIALS AND METHODS
Experimental groups. Four experiments which
differed in the quantity and site of injection of
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1, 2-3H-cortisol acetate and 1, 2-3H-cortisol were
performed with young adult male rats. In Experi-
ment 1, 24 rats (avg wt, 287 gm) each received 3
mg (30 icc) of 1,2-8H-cortisol acetate in 0.1 ml
aqueous suspension by intramuscular injection into
the left hind leg. In Experiment 2, 24 rats (avg
wt, 291 gm) each received 3 mg (30 Mc) of 1,2-H-
cortisol in 0.1 ml aqueous suspension by intra-
muscular injection into the left hind leg. In Ex-
periment 3, 24 rats (avg wt, 316 gm) each received
2 g (10 Mc) of 1,2-3H-cortisol in 0.1 ml of 0.9%
NaCI containing 10% propylene glycol by intra-
cardial injection. In Experiment 4, 28 rats (avg
wt, 274 gm) each received 100 ig (10 Mc) of
1,2-°H-cortisol in 0.1 ml of 0.9% NaC1 containing
10% propylene glycol by intracardial injection.
The cortisol given by intramuscular injection was
of a coarser crystal size than was the cortisol ace-
tate. Intracardial injections were given while the
animals were under light ether anaesthesia. The
1, 2-311-cortisol was purchased from New England
Nuclear Corporation and from Nuclear Chicago
Corporation. The 1 ,2-3H-cortisol acetate was syn-
thesized from 1, 2-°H-cortisol. Chromatographic
purity of all injection preparations was demon-
strated.
Collection and preporotion of tissues. Groups of
4 animals (or as otherwise indicated on the tables)
from each of the 4 experiments were subjected to
light ether anaesthesia 5 and 30 minutes and 1, 4,
24 nnd 48 hours after injection of the steroid.
Blood was withdrawn from each animal by car-
diac puncture and the plasma was separated (hep-
arm anticoagulant). The animals were then sacri-
ficed with excess ether. Approximately 5 gm of skin
was removed from the shaved abdomen (electric
clippers) of each rat and dissected free of non-
cutaneous tissue. The epidermal side of each skin
specimen was placed on a warming table at 60° C
for 2—3 minutes and the epidermis was removed by
scraping with a razor blade. Histologic examina-
tion of the separated tissues showed that the epi-
dermis and dermis were free of all but traces of
the other component. The epidermal samples were
suitable for extraction of radioactivity without ad-
ditional processing. Each dermis sample was frozen
and reduced to a powder by a previously described
technique (16).
Extroction end nieosurement of radioactivity.
Five ml of acetone-ethanol (1:1, V:V) were added
to 1 ml of each plasma sample. Following centrifu-
gation and collection of the supernatants, the
plasma residues were re-extracted twice with 2 ml
volumes of acetone-ethanol. The 3 combined ace-
tone-ethanol extracts of each plasma sample were
reduced to dryness in vocuo at 40° C. This extrac-
tion procedure resulted in recovery of more than
95% of the radioactivity present in the plasma
(determined by direct measurement of plasma
radioactivity in a toloene-Bio-Solv solubilizer
mixture (formula BBS-3, Beckman Instruments,
Inc., Fullerton, Calif.)). The residues from the
acetone-ethanol extracts were dissolved in 5 ml of
70% ethanol. Various lipids were removed from
the ethanol solutions by 3 extractions with 5 ml
volumes of petroleum ether. The ethanol solutions
were reduced to dryness in vocuo at 40° C. The
radioactivity in the dry residues was extracted by
use in snecession of 5, 2.5 and 2.5 ml portions of a
counting solution composed of toluene-ethanol
(7:1, V V) containing 5 gm of diphenyloxazole(PPO) and 50 mg of 1 ,2-bis-2-(phenyloxazolyl)-
benzene (POPOP) per liter of solvent and then
was measured in a Packard Tri-Carb liquid scin-
tillation counter (each volume of counting solu-
tion remained in contact with the residues for 30
minutes). All samples were tested and corrected,
if necessary, for quenching of measured radioac-
tivity by means of an internal cortisol standard
(plasma extracts prepared in the above manner
usually did not produce quenching). More than
85% of the radioactivity in the plasma samples
was present in the final counting solutions.
Ten ml of acetone-ethanol (1:1, V : V) was added
to the entire sample of epidermis (approximately
300 mg) from each rat and 20 ml of extraction
solvent was added to 2 gui of each dermis sample.
The acetone-ethanol extracts were collected after
mechanical shaking of the preparations for 1 hour.
The tissue residues were then re-extracted twice
with half of the above volumes of acetone-ethanol.
The 3 extracts from each tissue sample were com-
bined, reduced to dryness, and processed in the
same manner as described for the plasma extracts.
Quenching of measured radioactivity by the tis-
sue extracts was usually not more than 20%. Less
than 5% of the initial radioactivity was obtained
upon further acetone-ethanol extractions of the
tissues or acetone-ethanol extraction of papain di-
gests of the tissues. The radioactivity present in
papain-solubilized dermis and epidermis (counted
in a toluene-Bio-Solv Solubilizer mixture) dem-
onstrated that over 90% of the dermal and epi-
dermal radioactivity was contained in the final
counting mixtures.
Dichloromethone extroction and paper chro-
matography of dernsol radioactivity. Ten gin sam-
ples of pooled dermis were obtained from the ani-
mals of Experiment 2 (3 mg (30 Mc) of cortisol
given by intramuscular injection) and from groups
of 4 rats which were sacrificed 5 and 30 minutes
and 1, 4 and 24 hours after each animal received
100 Mg (20 Mc) of 1,2-311-cortisol in 0.1 ml of 0.9%
NaC1 by intracardial injection. Ethanol-acetone
extracts of the dermis obtained as previously de-
scribed were reduced to dryness in vacuo. IJncon-
jugated steroids were separated from the residues
suspended in 10 ml of water by 8 extractions with
10 ml volumes of dichloromethane. The dichloro-
methane solutions were reduced to dryness in
cacvo after passage through anhydrous sodium
sulfate. Radioactivity in both the aqueous suspen-
sions and the dichloromethane extracts was de-
termined.
The residues from the diebloromethane extracts
were dissolved in 5 ml of chloroform and placed
on a 1 by 8 cm activated silicic acid column. Neu-
tral fats were eluted with 20 ml of chloroform.
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Cortisol and other steroids were recovered by
elution with 40 ml of chloroform-acetone (1:1,
V:V). Twenty ml of methanol-water (1:1, V:V)
were passed through each column. In excess of 05%
of the radioactivity placed on the columns was re-
covered in the chloroform-acetone eluates.
The chloroform-acetone solutions were reduced
to dryness. The residues were fractionated by pa-
per chromatography according to Fukusinma ef ol.
(17) with a solvent system composed of benzene-
methanol-water—ethyl acetate (1:1:1:0.1). The re—
suiting paper chromatograms were cut into sec-
tions and the radioactivity was elutcd from the
sections with methanol. The methanol solutions
were reduced to dryness in counting vials and the
radioactivity was measured in a counting solution
composed of 5 gm of diphenyloxazole (PPO) and
50 mg of 1 ,2-bis-2-(phenyloxazolyl)-benzene (P0-
POP) per liter of toluene. Insufficient radioactiv-
ity was present in the dermis to permit utilization
of strip scanning instruments. The percent of the
total radioactivity eluted from the chromatograms
and having the same chromatographic mobility as
cortisol was calculated.
RESULTS
The fast disappearance of cortisol and its
metabolic products from plasma, in agreement
with earlier reports (14, 15, 18), was confirmed
by the radioactivity extracted from plasma at
various times after the intracardial (IC) injec-
tion of tritiated cortisol (Table I, Experiments
3 and 4). The rapid entrance into the circulatory
system of cortisol and cortisol acetate given by
intramuscular (TM) injection was demonstrated
by the radioactivity observed in the blood 5 and
30 minutes after the TM steroid injections
(Table I, Experiments 1 and 2). Tf plasma is
assumed to represent 5% of the body weight, the
radioactivity in the body pool of plasma 5 nain-
utes after the TM injection of eortisol acetate
and 5 and 30 minutes after the TM injection of
eortisol corresponded to 11.2, 6.8 and 12.6 tg
of injected steroid, respectively. It is thus un-
likely that the quantity of injected steroid in
the plasma following the TM administration of
3 mg of eortisol acetate or 3 mg of cortisol was
ever as great as that immediately following the
IC injection of 100 pg of cortisol. However, the
quantity of injected steroid and metabolites in
plasma was greater at 30 minutes and thereafter
following the TM injection of cortisol acetate or
cortisol (Table TV).
The radioactivity extracted from the dermis,
except for the animals which received cortisol
by TI\T injection, was at least as great 5 minutes
after steroid injection as at any later experimen-
tal period (Table TI). Radioactivity present in
the dermis of the animals given eortisol by TM
injection, in correlation with the plasma radioac-
tivity, was greater at 30 minutes than at 5
minutes after steroid injection. Rapid entrance
of cortisol, cortisol acetate and/or their metabo-
lites into the epidermis was demonstrated by the
epidermal radioactivity 5 and 30 minutes after
administration of the tritiated steroids (Table
ITT). The quantity of injected steroid and me-
tabolites, as calculated from the extracted radio-
activity, was greater at all experimental periods
in both the dermis and epidermis of the animals
TABLE I
Rodioorticity extracted from plasma at corious times of/er the iajection of 1,2-3H-cortisol acetate and
I ,2-R-cortisol
cpm/ml plasma/1,000,000 cpm injected/too gm body wt
Time alter
isntnpe injection
5 mio
30 mm
1 hr
4 hr
24 hr
48 hr
Expt 2
3 mg (30 pc)
cortisol TM
Expt 3
2 pg (10 pc)
cortisol IC
Eapt I
3 mg (3Opc) cortisni
acetate TM
740 163
378 46
267 21
72 7
31 2
14 1
Expt 4
100 pg (10 Pc)
cnrtisnl IC
452 37
653 46
496 70
376 43
357 11
112 7
13,734
4,402 +
1,763
256
48
35
8579
316
254
47
4
5
13,454
3,146
650
97
80
19
2445-f
345t
65
19
23
The analytical values are given as the mean the standard error of the mean. The data are calcu-
lated so as to correct for differences between the experimental groups in animal weight and amount of
iujeeted radioactivity.
t Five instead of 4 rats in the experimental group.
524 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
TABLE II
Radioactivity extracted from dermis at various times after the injection of I ,2-ll-cortisol acetate
and 1, d_3H_cortisol*
cpm/gm dermis/1,000,000 cpm injected/lOT gm body wt
given 3 mg of either cortisol acetate or cortisol
by IM injection than in the same tissues from
rats which received 100 pg of cortisol by IC in-
jection (Table IV). However, the fraction of
the injected steroid and metabolites present in
the entire animal dermis was greater in the ani-
mals which received IM injections only at 24
and 48 hours following the TM injection of corti-
sol (Table V). It is also evident from Table V
that the amount of radioactivity found in the
dermis in each experiment represented only a
small fraction of the injected steroid.
In excess of 75% of the radioactivity in all of
the ethanol-acetone extracts of the dermis ob-
tained from the rats given both the IC and TM
injections of cortisol was present as unconju-
gated steroids in the dichioromethane extracts
(Table VI). The proportion of the chromato-
graphed radioactivity having the chromato-
graphic mobility (Re) of cortisol from the dermis
of the animals given 100 pg of cortisol by IC
injection decreased rapidly, and 4 hour after
injection of the tritiated cortisol, represented
less than 10% of the chromatographed radioac-
tivity (Table VI). The fraction of the radio-
isotope with the same R as cortisol from the
animals given 3 mg of cortisol by IM injection
was at all experimental periods greater than that
of the animals given cortisol by IC injection.
Twenty-four hours after the IM administration
of the tritiated cortisol, almost half of the radio-
activity in the dichloromethane extracts had the
same R as cortisol.
The plasma radioactivity was greater at 30
minutes and at subsequent experimental periods
in the animals given cortisol by TM injection
Time after
isotope injection Eicpt 1
3 mg (30 Cc) cortisol
acetate IM
Expt 2
3 mg (30 Cc)
cortisol TM
Expt 3
2 g (10 Mc)
cortisol IC
Expt 4
100 g (10 Mc)
cortisot IC
5 miss 195 42 197 28 2,705 324 2,749 634f
30mm 125 + 45 570 100 1,516 311 2,699 456f
1 hr 84 13 289 48 887 106 627 125
4 hr 13 4 234 32 201 22 275 36
24hr 7+1 201±14 41±2 90±21
48hr 5±1 74±12 21±6 29±7
* , t see Table I.
TABLE III
Radioactivity extracted from epidermis at various times after the injection of 1 ,y-3H-cortisol acetate and
1 ,2_311_cortisol*
Expt 1
3 mg(3Opc) cortisol
acetate TM
cpm/gm epidermis/1,000,000 cpm injected/ITO gm body wt
Time after
isotope injection
5 mm
30 miss
1 hr
4 hr
24 hr
48 hr
Expt 2
3 mg (30 Mc)
cortisol TM
Expt 3
2pg (lOMc)
cortisol IC
127 43
336 43
195 54
43 139±1
Expt 4
lOOg (10 Mc)
cortisOl IC
362 158
483 21
210 55
, t see Table I.
Samples lost.
1,692 183
1,649 285
539 25
121 34
35 7
22 2
1,339
1,029
468
332
91
165t
1511
49
33
13
TABLE V
Calculated percent of the injected radioactivity in
the entire animal dermis at various times after
the injection of 1, -H-cortisol acetate and 1,
cortisol*
Time after
isotope
injection
Expt I
3 mg (30 C)
cortisol
acetate IM
Expt 2
3 mg
(30 ,.ic)
cortisol IM
Expt 3
2 eg
(10 5c)
cortisol IC
Expt 4
100 5g
(10 sic)
cortisol IC
5mm 0.19 0.19 2.60 2.58
30mm 0.12 0.54 1.43 2.55
lhr 0.080 0.27 0.83 0.62
4hr 0.013 0.21 0.19 0.28
24 hr 0.0063 0.20 0.039 0.090
48 hr 0.0040 0.070 0.020 0.028
* These calculations were made from the weight
of the entire animal skin with the assumption that
the proportion of dermis and the radioactivity
present in the dermis was the same in the skin of
the entire animal as in the sample analyzed.
than in those which received a similar quantity
of cortisol acetate by IM injection (Table I).
From 30 minutes to 24 hours after injection of
labeled compounds the radioactivity present in
the dermis and epidermis from the animals which
received cortisol by IM injection decreased at a
slower rate than that observed after administra-
tion of the cortisol acetate (Tables II and III).
The differences between plasma and tissue radio-
activity of the animals given similar quantities
of cortisol and cortisol acetate by IM injection
probably results, at least in part, from the injec-
tion of the cortisol in a larger crystal size with
a consequent slower absorption rate.
DISCUSSION
The data from the present experiments pro-
vide evidence that radioactivity rapidly enters
TABLE VI
Dichloromethan.e extraction and paper chromatog-
raphy of dermal radioactivity following the
intracardial and intramuscular injection of
1
100 ig cortisol
intracardial
3 mg cortisol
intramuscular
Time after
isotope
injection % radio-
activity
extracted
by CH2CIz
% cx-
tracted ra-
dinactivity
as cortisol
% radio-
activity
extracted
by CHiC!,
% cx-
tracted ra-
dioactivity
as cortiso!
5mm 95 62 92 85
30 mm 89 54 77 80
lhr 87 43 92 88
4hr 78 >10 96 75
24hr 79 >5 89 45
In excess of 1000 cpm radioactivity was present
on all chromatograms.
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TABLE IV
Quantities of injected cortisol acetate and cortisol corresponding to the radioactivity extracted from plasma,
dermis and epidermis
Sample
5 mm
Time after isotope injection
30 mm 1 hr 4 hr 24 hr
Plasma
Expt 1*
Expt 2*
Expt 4*
Dermis
Expt 1
Expt 2
Expt 4
Epidermis
Expt 1
Expt 2
Expt 4
0.77
0.47
0.49
0.21
0.21
0.10
0.13
0.052
0.39
0.87
0.12
0.13
0.59
0.099
0.35
0.37
0.037
0.28
0.51
0.024
0.089
0.30
0.023
0.21
0.017
0.076
0.37
0 .0035
0.014
0.23
0.010
0.48
0.012
48 hr
0.015
0.11
0.00074
0.0045
0.081
0 .0011
0.0094
0.031
0.33
0.0030
0.0071
0.22
0.0033
0.044
0.23
0.0033
* Expt 1, intramuscular injection of 3 mg (30 pa) cortisol acetate. Expt 2, intramuscular injection of
3 mg (30 pc) cortisol. Expt 4, intracardial injection of 100 pg (10 pa) cortisol. Quantities represent the
pg of injected material per ml of plasma or gram of fresh tissue calculated from the mean radioac-
tivity extracted from each experimental group.
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both the dermis and epidermis after either the
intramuscular (TM) injection of 1,2—3H—cortisol
acetate and cortisol or the intracardial (IC)
administration of 1, 2-2H-eortisol. Cook and Spec-
tor (19) reported that about 1% of the radio-
activity from intravenously administered 4-14C-
cortisol appeared in the skin surface lipid of the
human within 24 hours. However, the rapid de-
crease in radioactivity of both the epidermis and
dermis of the animals given eortisol by IC in-
jection, as observed in the present experiments,
indicates that most of the injected steroid and
metabolites which entered the skin following IC
administration of the steroid was reabsorbed by
the blood.
Scott and Kalz (20), using autoradiographic
techniques, concluded that there was a transi-
tory concentration of '4C-eortisol in the basal
layer of the epidermis of the human from which
the steroid assumedly moved into the dermis,
following the topical application of the steroid.
If the epidermis or dermis concentrated or spe-
cifically retained cortisol, it would be expected
at some experimental period of the present study
that the tissue concentration of isotope would
exceed that of the plasma, and that on subse-
quent measurements the epidermal or dermal
radioactivity would remain higher than that of
plasma. The radioactivity per gram of wet tissue
was greater than that per ml of plasma only in
the epidermis and dermis at 4 hour and at subse-
quent measurements in the animals given 100
pg of cortisol by IC injection, and in the epider-
mis 24 hr after IM injection of 3 mg eortisol.
The radioactivity extracted from the epidermis
and dermis in the present experiments was cal-
culated on the assumption that all of the iso-
tope was present in the tissue water. This calcu-
lation did not provide further evidence for the
concentration or retention of radioactivity in
either the epidermis or dermis of the rat follow-
ing the intramuscular or intraeardial injection of
tritiated steroid. The possibility of transient
concentrations of steroid and metaholites occur-
ring under some conditions can not be dismissed
on the basis of the present experiments; how-
ever, it is obvious that the cutaneous tissues of
the rat have at most only slight ability to con-
centrate or specifically retain cortisol, eortisol
acetate and/or their metaholites. Although
changes in the dermis following the chronic ad-
ministration of glueoeortieoids have been noted
and studied by many investigators, the present
results do not indicate that such changes are due
to unusual concentration or retention of ub-
stances from injected eortisol acetate or eortisol
in the dermis. The present data, however, do
not eliminate differences which might occur in
the small amount of steroid strongly bound to
biologically significant substances or sites, and
which is not extracted by the techniques utilized.
Fibrohlasts represent the principal cell type
of connective tissues and are responsible for the
biosynthesis of collagen as well as other connec-
tive tissue components. Berliner and Ruhmann
(12) have shown that a cortisol concentration of
0.1 pg/mI will significantly inhibit growth in
tissue culture of fibroblasts of clone 929-L. Acid
mueopolysaceharide production and collagen
and hyaluronate formation by culture of human
fibroblasts were inhibited by 0.1 and 1.0 pg/ml
of eortisol, respectively (13, 21). The present
experiments show that little eortisol is present
in the dermis of approximately 300 gram rats
4 hours after the IC injection of 100 pg of eorti-
sol. In Contrast, when 3 mg of cortisol was given
by TM injection to rats of the same size in a
form in which there was apparent slow absorp-
tion into the circulatory system, the quantity of
cortisol was maintained for 24 hours above or
only slightly below 0.1 pg/gm of wet skin. The
sensitivity of the fibroblasts of the rats utilized
in the present experiments is not known and may
be different from that of the types previously
investigated. However, the data do indicate that
sufficient cortisol may be present in the dermis
of the rat, when the steroid is given in a manner
which permits its slow absorption, to have an
effect on fibroblast growth and consequently on
the connective tissue components produced by
the fibroblasts. Since cortisol was still present
in the dermis 24 hours after TM injection of the
steroid, daily injections might result in an ac-
cumulation of eortisol in the dermis.
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